In many countries, the skilled labour market has lagged behind educational expansion. As a result of increased competition, younger cohorts of highly educated face decreasing returns to education or overeducation. Surprisingly, decreasing occupational outcomes do not coincide empirically with the economic returns among those with tertiary education. The process of changes in economic returns to education based on cohort transformations: expansion of tertiary education affects specific cohorts which find themselves facing more labour market competition. As a result, the economic returns to education decrease over cohorts even though they remain stable and even increase during the period. To observe this, we model economic returns with a new Age-Period-Cohort-Gap/Oaxaca (APC-GO) method and compare economic returns to tertiary and less than tertiary education over cohorts. Using the Luxembourg Income Study, we analyse trends over three decades in 12 countries. Our results confirm that educational returns for tertiary education declined over time, even though the gap between the educated and the less educated remained similar in most of the countries. For later cohorts, tertiary education became more necessary to survive in the labour market competition, but the actual economic returns to it decreased, making it less sufficient.
Introduction
One of the concerns about the unexpected and undesired results of a massive educational expansion revolves around the possible decline in the returns to education, which is also known as "overeducation" date cohort and period trends have only rarely been separated in studies on returns to education. More precisely, the economic returns tend to be much more sensitive to age and period effects than occupational returns as bonuses complementing earnings vary with the employee's experience as well as economic performance of the company (or more generally with the economic cycle). However, overlooking those effects period may result in overestimation of the economic returns to education. For instance, in times of overall economic prosperity, the economic returns to education are expected to increase, even if the occupational returns are low. Therefore, structural and temporal economical changes can affect the measurement of returns to education.
Other explanation is related to the common confuse between absolute and relative economic returns to education. The relative returns refer to the income gap between the educated and the uneducated and the absolute returns are the changes in returns to higher education, relative to the returns in previous times
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In contrast, social theories focus on non-economic factors such as public policy, political negotiation and institutional change as the forces behind the educational expansion. A first strand of the literature claims that the expansion of tertiary education in most of the countries was driven by direct public policy rather than the free market. With a few exceptions, governments were able to accelerate the development of tertiary education institutions, to reduce their student fees and to encourage student to enroll into them. A second strand of the literature suggested that this expansion was a result of a political struggle between groups (such as classes, strata and other social groups) who want to ensure better mobility chances for their children (Collins 1971) . They fought to expand educational opportunities regardless of market conditions and needs. A third part of the literature also suggesting that educational expansion is not a result of labour market demand focuses on institutional change. Schofer and Meyer (ibid. 2005) explained the expansion of tertiary education as a result of four global institutional changes: democratization that increased demands for tertiary education as a civil right; the scientization of society that magnified the importance of the role of schooling and science in the society; the rise of national development logics that perceived educational expansion as a mean of progression and the rise of the global diffusion of pro-educational cultural models. All of these explanations undermine the role of the market in the expanding of education. Therefore, educational expansion may result in a mismatch between high-skilled labour supply and demand, which is also known as overeducation (Sicherman 1991 Collins (1979) suggested that the expansion of tertiary education would lead to "credential inflation".
Expansion and overeducation
He argues that tertiary education would become the modal education, with insufficient high-skilled jobs at the labour market to meet the demand. The competition over jobs would increase, leading to higher requirements for each job. Collins predicted that in the future, even a technical position would require a 5 doctorate degree. Collins' argument implies that educational expansion would lead to a decrease in returns to tertiary education. Halaby (1994) noted that overeducation can manifest in various forms. First, the result of the competition could lead to less economic returns to skilled jobs (for example, reduced wages for professional occupations). In this scenario, the relative economic returns, as the ratio between the wages of the educated and the less educated, may actually increase, since the less educated might be crowded out from their previous jobs by the more educated. Second, it is also possible that, similar to Collins prediction, the occupational returns to education decrease with less possibilities for the educated to acquire a (prestigious) job fitting to their skills. In this scenario, the absolute economic returns to education as well as the gap between the educated and the less educated remain stable or even decrease (as there is no more competition for low-skilled jobs).
Empirical studies on overeducation do not find conclusive results. In many countries, there is strong evidence for overeducation in terms of occupational returns but much less in terms of economic returns.
That is, while tertiary educated individuals tend to become more often employed in occupations that do not match their credentials, their economic returns from education do not decrease. Recent studies (Ballarino and Bernandi 2016) found that occupational returns to tertiary education decreased in Spain, Italy, Sweden, Israel, the Netherlands, Russia, France and Japan. However, only in Sweden, France and Norway the economic returns to education decreased. In Hungary, the Netherlands, Russia and Israel, the economic returns to education even increased. The trends is due to an increase in the demand for high skilled workers (SBTC), which occurred in parallel to the education expansion. Davia, McGuinnes and O'Connel (2016) found similar results in an international comparison of 25 European countries. They found out that while educational expansion is associated with occupational overeducation, the ratio between supply and demand for high skilled labour has an important role in increasing overeducation. Countries who experience SBTC (that increased the demand for high skilled labour), face lower levels of overeducation. Unfortunately, Davia et al. did not measure overeducation 6 in terms of economic returns directly. Therefore, the contradicting results between the two aspects of overeducation remained, to some extent, unexplained.
The different results obtained for the two types of returns roots in common problems in measuring overeducation. The first is the overlooking the cohort trends in the returns to education. Most studies analyse the difference between two or more time points in the association between education and income or occupational score. However, educational attainment remains with a few exceptions fairly stable across the life time. In other words, educational expansion concerns mostly younger cohort, namely those at the age of graduation. Moreover, temporary changes in the labour market might affect the returns to education for a short period, without really affecting them at the long run. Thus, ignoring cohort trends in measuring returns to education might lead to a biased results. In order to avoid these drawbacks and to advance the understanding of these changes, we apply an age-period-cohort analysis.
In sum , regarding the effect of educational expansion, we hypothesize: H 1 : Barring SBTC, educational expansion will decrease the returns to education over cohorts.
H 2 : When SBTC occurs, educational expansion will increase the returns to education over cohorts.
A second issue in estimating educational returns is the necessity to distinguish between absolute and relative returns. Since a decrease in the occupational standing of the tertiary educated may, in the long run, lead to a crowding out of the lower-educated, people with lower education might find themselves pushed out of the labour force or into precarious jobs due to the competition with the higher educated.
This will lead to an increasing gap between high and low educated. Therefore, the returns to tertiary education should diminish over cohorts, but the returns to non-tertiary education even more rapidly. In that case, tertiary education will be more necessary, but less sufficient to succeed in the labour market than before. Therefore, regarding returns to education, we hypothesize:
Tertiary education is more necessary: Educational expansion increased the returns to higher education, relative to those of lowers levels of education. 
Data and methods

Data
Our analysis is based on the Luxembourg Income Study (LIS), which is to our knowledge the best available cross-nationally comparable data providing harmonised demographic and economic information over more than three decades. The data contains detailed information on the respondents' household income as well as other important demographic variables such as age, education and gender.
We construct 5-year cohorts based on the year of birth from 1940 to 1980 and followed them in the years 2010 -1980 . To increase our standard of harmonisation, we limit our comparison to twelve industrialised countries, for which all the data regarding education and income were available for all the waves. For the same reason, the analyses including also occupational variables are limited to ten countries.
Variables
Education. We dichotomise the highest level of education achieved into tertiary vs. non-tertiary education.
Skilled biased technological change (SBTC).
In order to measure this variable at the cohort level, we first defined high skilled occupations based on the 1-digit ISCO88 classification provided by the LIS.
we considered all the professional (category 2) and technical (category 3) occupations as high skilled occupations. The proportion of people in high skilled occupations serves as an indicator for SBTC.
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Returns to education. We use two different measures of the economic returns to education. The first one is the household disposable income (PPP adjusted) per standard adult (DPI). 2 In a next step, we transform the DPI into logit ranks (equation 1) for each cohort (c) in each time period (p) to create income-based ranks that are indifferent to both age and period. This standardization strategy enables us to more accurately compare the economic returns over time and across countries. Due to limited representativeness of survey data in the tails of the distribution, we trim the data to the range between -4 (pertain to approximately the bottom 2%) and 4 (the top 2%). A logitrank of zero refers to the median income.
∈]0,1[ − Control variables. We further control for gender as an important factor that affects both educational expansion and the returns to education.
Method
In order to observe changes in returns to education in terms of income differences between the educated and the uneducated, we employ a new Age-Period-Cohort-Lag (APCL) method and its multivariate extension, the Age-Period-Cohort-Gap/Oaxaca (APC-GO) method, both based on the APCD 3 model (Chauvel 2013 , Chauvel & Schröder 2014 , Chauvel, Leist, & Ponomarenko 2016 . The APC-GO is two step method for obtaining a trended APC of the observed gap between two group. In this case, people with tertiary education vs. people with less than tertiary education.
The APC-GO model computes from a Lexis To do so, we propose a 2 steps method: First, on the base of an Oaxaca model (Jann 2008) we first compute a "net" or "not explained" Lexis table gap of income in each age x period cell, controlled by gender. We then decompose on the base of a specific trended APC model to obtain a measure of the cohort-specific non-explained gap in income.
The first step: Oaxaca Lexis table
The APC-GO model computes the change in the gap between two groups across birth cohorts based on a Lexis table dataset. A Lexis table is an age-by-period tabulation of cross-sectional data with a constant pace in age and period (in our case, 5 years' age groups measured each fifth year). Each cell of the Lexis table is indexed by its age a and period p and then pertain to cohorts c = p -a. In order to obtain the gap in income between low and high educated net of other characteristics , we apply the Blinder-Oaxaca decomposition method (Blinder 1973; Oaxaca 1973; Jann 2008) to each cell of the initial Lexis table.
Based on their two-fold decomposition, the mean outcome difference is difference in the linear prediction at the group-specific means of the regressors R:
This equation includes the explained part ("quantity effect"), in which we include gender as a control variable. The unexplained part comprises the effect of variables not observed in our model, which we use in the second step of the analysis.
The second step: APC-lag of the Oaxaca Lexis table
Second, we search for a cohort indexed measure of the gaps in the Oaxaca Lexis table. This step relies ont he APC-lag (APCL) adaptation of our former APC-detrended (APCD) model -a detector of cohort fluctuations in a Lexis table -that must be modified to obtain the intensity and trend in the gap. After forty years of APC research, the acceleration of the methodological debate over the last decade (Luo 2013 ) resulted in the stabilization of two key aspects of APC models, even if some aspects are still debated (Yang & Land 2008 . Regarding the first, the identification of fluctuation, there is now consensus that cohort fluctuations (defined as the degree to which some cohorts did/do better than others after controlling for linear effects of age period and cohort) are (easily) identifiable with simple tools, including our APCD model 4 (Chauvel 2013 , Chauvel & Schröder. 2014 , Chauvel et al. 2016 . From a Lexis 
In this APCD decomposition of the unexplained gap obtained with the Blinder-Oaxaca decomposion of step 1, the cohort vector expresses the degree to which, in average, some cohorts are higher or lower in y than one would have expected from non-interacting age and period models.
The second aspect of the APC debate pertains to the identification of trends. We know that decomposition of age, period and cohort linear effects (the above mentioned hyperplane) has no general solution without the implementation of an arbitrary constraint. No model can provide a non-arbitrary decomposition without an (explicit or implicit) constraint.
5 Once a constraint is implemented, the model is identified, but it is difficult to give a general non ad hoc justification a choice. Other strategies, such as the APC-IE intrinsic estimator, or the Hierarchical HAPC Land 2006, Bell and Jones 2017) , go with implicit constraints: APC-IE is based on a principal component analysis, and random effects of period and cohort effects go with detrended coefficients of period and cohort. The problem of these methods is their general inaptitude to relevantly decompose trends in education since they detect a strong, steady decline in education across life span that is obviously illogical. We prefer the implementation of a straight-forward constraint, a baseline of a zero linear trend across cohorts in our APCD. However, as others families of models are based on different, at times more arbitrary constraints a direct comparison cannot be made.
In the APC-lag (APCL), we define the "linear age effect" α as the average slope associated to age in the trajectory of cohorts. This definition involves a clear baseline where the linear slope of age trend measured by the a  coefficients is designed to equate α, the average shift due to age in the BlinderOaxaca Lexis table across cohorts oapc. Consider this average shift α:
α represents the average shift for a cohort c when it gets one age group older in the next period across the window of observation of a age groups and p periods. Once α is known, APCL is identifiable:
With N as the number of age coefficients, the formula of operator Trend for age coefficients equals to:
In the APCL, c  absorbs the constant (larger when the gap is high), its trend shows the variation in the intensity of the gap by cohort for age and period controlled, and the fluctuations show possible nonlinear accelerations or deceleration in the cohort trend. We verify on education (diploma attainment) that APCL provides a small linear age effect α and an easy to interpret vector of cohort coefficients.
Briefly, the APC-GO identifies a vector of income gaps by education indexed by cohorts showing the intensity of the gap (the average value of the vector coefficients), the trend (the general linear slope of coefficients across cohorts) and their fluctuations (their non-linear shape). This strategy allows us to circumvent the identification problem, which is typical to APC methods due to the linear relation of the 3 parameters and to examine the relative returns to education over cohorts.
However, the complete APC-GO method cannot provide direct estimations for confidence intervals due to its complexity -relatively sophisticated succession of Oaxaca and APC methods. We therefore bootstrap the complete process, including first the Oaxaca process on each cell of the initial Lexis table of yapc to obtain the non-explained oapc Oaxaca Lexis table, second the estimation of a linear age effect α of oapc, and third of the APCL.
Implementation
In order to observe changes in the absolute returns to tertiary education over cohorts, we next restrict the sample to people with tertiary education and apply the APCL method to income.
We are also applying the APCL method to tertiary education, to examine educational expansion over cohorts as well as to high skilled occupations, in order to observe SBTC. Then, we employ linear regression in which the cases are cohort by country context in order to predict the returns to education by educational expansion and SBTC and their interaction. Our assumption behind is that the expansion of tertiary education affects the returns to it, in the condition that that the market is able to absorb the newly educated, i.e. SBTC.
Results
Educational expansion
Figure 1 presents changes in the proportion of tertiary education holders over cohorts. In all countries, tertiary education massively expanded between the cohorts born between 1935 to 1980. The share of persons with tertiary education increased from 10% to about 50% between these cohorte (with the exception of Italy who experienced only minor expansion). In a number of countries, most notably France, Luxembourg, Finland, Israel, the U.K. and the Netherlands, the expansion was not linear, with a substantial shift in the proportion with tertiary education for the cohorts born in [1970] [1971] [1972] [1973] [1974] [1975] . This is in line with previous studies highlighting that a massive educational expansion occurred during the 1990's, when these cohorts entered the higher education system (Marginson 2016 , Liu, Green & Pensiero 2016 ).
In the U.S. and Denmark, the educational expansion began earlier, with the cohorts of 1960-1965 being its first beneficiaries. In Italy, a similar pattern can be observed, but, as noted, its expansion was considerably lower than in all the other countries. All other countries did not experience a shift in the trend of educational expansion -the increase in tertiary education was relatively stable over time.
The gap between tertiary and non-tertiary education
Figures 2 depicts the APC-GO results of the returns to tertiary education of the highly educated relative to the lower educated in terms of (logged) equivalized disposable household income. Except Spain, which has experienced a massive decline in the returns to education, our results do not support the assumption of an overall "overeducation" process. However, there is also no indication of a major upgrade in the returns due to SBTC. The overall trend in the returns to tertiary education can be described as stable or slightly increasing.
It is important to note, however, that even stability in absolute returns might imply an important social change in relative returns, which are presented in Figure 1 . If education expands while the differences between the educated and the less educated persist, more people will eventually enjoy a relative advantage due to their higher education. Figure 4 presents the cohort change in the logit ranks of DPI for tertiary education holders. In Germany, Denmark, the Netherlands and Italy, the absolute returns to education have not declined over the cohorts.
Returns to tertiary education
In these countries, the returns have remained similar or, as in Italy and in Germany, even increased, albeit not significantly.
In the other countries the returns to education have decreased significantly: People with tertiary education born earlier had higher incomes than their successors. Indeed, for these countries, education is less sufficient for ensuring better labour market outcomes.
Expansion and returns to education
In order to test whether the returns to education changed as a result of educational expansion and SBTC, we employ linear regression analyses, in which the units of analysis are country-cohort contexts. Due to lack of occupational information, we had to exclude Norway and Italy from this part of the analysis. The overall sample consisted of about 100 contexts in ten countries.
The results are presented in Table 1 . Model 1 describes the effect of expansion and SBTC on the gap in returns between tertiary and non-tertiary education holders or on relative returns to education. There is a significant negative, albeit rather small, effect of educational expansion. Educational expansion thus slightly decreases the gap between tertiary and non-tertiary education holders, while controlling for SBTC. The effect of SBTC is not significant.
In Model 2, we added an interaction term between educational expansion and SBTC. Again, the effect of expansion is negative and significant while the effect of SBTC remained insignificant. Interestingly, the interaction effect is positive and significant, implying that when there is a substantial skill biased technological change, educational expansion can increase the gap between the tertiary and non-tertiary education holders.
The results presented in Model 3 and Model 4 relate to absolute returns to tertiary education, regardless of non-tertiary education. Here, the effect of expansion is also negative and significant, and the interaction term is again positive and significant. As can be inferred from the adjusted R 2 of the models, the explanatory power of the model is above 30%.
Discussion
Since While most previous studies used only two time point design, we employ a relatively new approach to study the economic returns to education by applying age-period-cohort methods. This allows us not only to differentiate between age, period and cohort effects, but also to study separately the economic returns to higher education relative to lower education (relative returns) as well as the change over time and cohorts of absolute economic returns to higher education.
Observing the change over cohorts born between 1940 and 1980, our findings confirm the "more necessary and less sufficient" hypotheses: In most of the countries studied, economic returns to education increased compared to the lower educated. People with tertiary education born to younger cohorts perform much better than their lower educated counterparts in comparison with older cohorts.
In other words, for younger cohorts, education is much more needed than before.
However, the absolute returns to education decreased steadily for most of the countries that were inspected. In these countries, tertiary education holders from younger cohorts are doing much worse than tertiary education holders who were born before. For the young generations, tertiary education is thus not enough to maintain the same level of living as the older generations.
Regressing the cohort effects of the returns to education in each country on educational expansion, skill biased technological change, we found that educational expansion is associated with decreasing returns to tertiary education. We could also show that the effect of educational expansion is reversed in the presence of skill biased technological change. In other words, when the labour market is able to create jobs for the newly educated, the income of tertiary educated will not decline.
Note, however, that the multivariate analysis presented here is only a first step in providing an accurate description of the association between educational expansion and the returns to education. Due to data limitations, we were not able to compare a larger set of countries for the entire timespan limiting us to single-level analysis, instead of a multilevel model that would have allowed us to separate between country and cohort effects. Moreover, due to the complexity of cohort-based analysis, we could not control for other structural factors considered important for the analysis of educational returns, such as income inequality and growth.
Nevertheless, our studies advance the current debate in a number of ways. Our results shed light on the reasons for the inconsistency of the results between returns to education in terms of occupational standing and the economic returns to education presented in previous studies (Bernardi & Ballarino 2016 ): Actually, the economic returns to education are not increasing because tertiary education pays better, but because of the fact that less education pays worse. Therefore, the loss of occupational standing due to overeducation is less visible in terms of income. The decline of returns over cohorts is probably due to the lower occupational position among younger cohorts.
In conclusion, the educational expansion of the late 20 th century had generally only little blessing in terms of labour market and economic returns. The tertiary educated in recent cohorts do not seem able to find a suitable labour market position and therefore find themselves competing for jobs with the lower . 6 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1980 1940 1960 1980 
